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SECTION 1

SYSTEM DESCRIPTION

GENERAL DESCRIPTION OF OPEN LOOP FUEL CELL SYSTEM

The fuel cell system is an electro-chemical device in which the controlled
temperature reaction of two input gases, hydrogen and oxygen, in the
presence of a suitable electrolyte and electrodes, produces a direct cur-
rent electrical output. The by-products of the reaction are heat and water
which must be removed from the fuel cell. As the gases are consumed in
the reaction, minute amounts of gas impurities (inerts) present in the
reactant gases accumulate in the cell cavities. To maintain proper system
performance, it is necessary to remove these impurities by periodically

purging the cell cavities.

The basic operating voltage of the system is fixed by the number of cells,
and the combination of electrical connections between the cells. Within
the design limits, the load current will follow the demand, provided ade-

quate amounts of reactant gases are supplied to the fuel cell.

This fuel cell is designated as an "asbestos capillary matrix' type in
which the potassium hydroxide (KOH) electrolyte is held in a porous

asbestos matrix without any circulation.

The by-product water is withdrawn from the fuel cell as vapor. It is
produced at the hydrogen electrode, and diffuses into the moisture re-
moval cavity through a KOH impregnated asbestos capillary matrix. The
rate of water removal is controlled by maintaining the moisture removal
cavity at a pressure equivalent to a predetermined electrolyte concentra-
tion. The quantity of water produced is proportional to the current pro-

duced by the fuel cell.




In the open loop system the moisture vapor, controlled by the moisture

removal valve, is vented to a vacuum source.

Approximately one-third of the by-product heat is removed from the stack

by evaporation of the product water.

This helps promote good cell and

stack temperature control. The majority of the by-product heat is removed

from the fuel cell stack by recirculating helium gas over the finned edges

of the cell plates. The heated helium gas then passes through a gas-to-

liquid heat exchanger where the excess heat is rejected to the liquid coolant

after which it is recirculated. The liquid coolant is cooled externally of the

fuel cell system. The helium gas is recirculated constantly at a fixed rate

by fans and the amount of heat removed from the fuel cell is controlled by

controlling the flow of the liquid coolant through the heat exchanger.

PERFORMANCE CAPABILITY GOALS

The performance capability goals of this fuel cell system are tabulated below:

Nominal Power Rating
Overload

Voltage Regulation
Minimum Voltage (overload)
Cell Operating Temperature

Maximum Reactant Consumption

-~

at 2000 watt load
Reactant Inlet Pressure
Reactant Inlet Temperature

Reactant Purity

Thermal efficiency (min).

Endurance

1-2

2000 watts
2700 watts (load profile)
27 to 32.5 volts (22 volts min.)

22 volts

195 ¥ 5%F

Hydrogen - 0.22 pounds per hour
Oxygen - 1. 75 pounds per hour
175-400 psia

0 to 150°F

0. 999 min. g: ggggg 23’(3;:?“ Desired
55%

1250 Qualification
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3.
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60% methyl alcohol, 40% water by
weipht, plus corrosion inhibitors

Liquid Coolant

Liquid Coolant Supply 120 pounds per hour at 60°F

lLiquid Coolant Pressure Drop 15.0 psid
{max.)

SYSTEM DIAGRAMS

Figure 1-1 illustrates schematically the complete functional fuel cell open-
loop system. The basic input requirements to the open-loop cell assembly

are:

Hydrogen Gas
 Oxygen Gas

Auxilianry Power Supply for Start-up
Liquid Coolant

Vacuum

Helium Gas

The products removed {rom the fuel cell assembly are:

Direct Current Electricity

Water
Heat
The specifications for cach of the input and output items are detailed in

Section 2.1 Fuel Cell Assembly and Section III - INTEGRATED SYSTEM
OPERATIONS.

Figure 1-2A, 1-2B and 1-2C (Drawing No. 49-500-125-404) is the Fuel

Cell System Schematic illustrating SYSTEM OPERATIONS. A descrip-

tion of the subsystems if found in Section 4.

1-3
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. 1.

SECTION 1I

INSTALLATION INSTRUCTIONS

- UNPACKING, INSPECTION AND ASSEMBLY

Shipping Containers

The fuel cell module including the reactant control valve assembly will be
shipped within a wooden container as shown in Figure 2-1 (drawing No.
49-400-230-401). The {fuel cell mddule has been pressurized with helium
to a pressure of approximately 5 psig and appropriate care should be
exercized in handling the unit. The shipping container should be placed

in the proper vertical attitude to facilitate cell removal.

The fuel cell module should be supported from the eyclets provided in the
upper clamp-ring shim,and then it may be unbolted from the shipping con-

tainer and moved to the test area.

The other items supplied by Allis-Chalmers for the assembly of Fuel Cell
Sy stem #31R will be boxed in wood and/or cardboard containers suitably pro-

tected against moisture and dirt.

Inspection Prior to Assembly

All major components have been cleaned and packaged at the Allis-Chalmers
facility, however, prior to assembly all components should be examined for

cleanliness.

Assembly of the Fuel Cell System

Fuel Cell System#5R as delivered consists of five major subassemblies to

which interconnections must be made in the field. Refer to Figure 2-2A
{(Drawing No. 49-400-233+405 and Figure 2-2B (Drawing No. 49-200-431-504,




2.1.4

These figures physically locate each point of interconnection,

identify the interconnecting cable, show the connector designation and

specify the customer tie-in points. The major subassemblies are:

Item 2

Item 4
Item 5
Item 6
Item 7

Fuel Cell Module whose Major Subassemblies are Stack
the Fuel Cell and the Reactant Control Subsystem,

Electrical Monitoring and Control Subsystem,
Current Shunt Cabinet
Allis-Chalmers Auxiliary Relay Box (For reference only)

Allis-Chalmers Control Panel (For reference only)

Allis-Chalmers has furnished interconnecting electrical cables between the
fuel cell module and the EMCS, the module and the shunt cabinet and a "Y"
cable from the .MCS to the shunt cabinet and from the EMCS to the fuel cell

module.

In addition, Allis-Chalmers has furnished all mating connectors for the re-

maining electrical connectors and all pneumatic/hydraulic fittings for use on

the A-C furnished equipments.

Equipment Furnished by the Marshall Space Flight Center

MSFC will furnish the following major items for the test setup of System #5R.

A.

All operational controls including switches and indicators. Figure 2-3

contains a listing of the recommended controls and indicators for oper-

ation of the test setup. Figure 2-4A (Dwg. No. 49-200-550-501),

Figure 2-4B (Dwg. No. 49-400-318-401),
Figure 2-4C (Dwg. No. 49-400-314-401),
Figure 2-5 {(Dwg. No. 49-200-523-501),
Figure 2-6 (Dwg. No., 49-300-506-501),
Figure 2-7 (Dwg. No. 49-300-520-501),
Figure 3-4 (Dwg. No.49-400-349-402)

&

contain additional information on the method of control and indicator

hookup.

All tubing, valves, gases, and flowmeters required to bring the re-

actant gases, helium gas and the liquid coolant to the fuel cell interface

and to handle the by-product water. Figure 1-2A (Dwg. No. 49-500-125-

404).
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RECOMMENDED SYSTEM #5R CONTROLS AND MONITOR LIGHTS

Support

1. Helium purge - valve control (switch)

115 Vac power (switch)

3. 28 Vac auxiliary power (switch)

4. Fan power (switch)

5. WRS heater tape (switch)

6. Vacuum pump - 1.5 psia (switch)

7. Vacuum pump - reference vacuum (switch)

8. Coolant pump (switch)

9. Stack heater power (switch) 1600 watt should have circuit

for thermostat

Figure 2-3

Light Monitor

x (open)
x (on)
x (on)
x (on)
x (on)
x {on)
x (on)

x (on)

x (on)
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2 FOR SCHEMATIC WIRING DIAGRAM, SEE DRAWING 49 -200 - 3/4 - 401,
E.SOLDER WHERE PEGCUIRED PER NPC-200 -4
3. HEAT SHEINK TUE/NG FER M<FC-FPOC-273.

4. FOLTIVE, LACING, ETC. FER ELECTE/CAL
FAZRICATION PROLED(PE MSFT ~PECC-286.
LT CHECK FOR CONTINMLITY FER SCHEMATC.

‘RUBBER STAMP CONNECTOR /DENTIFICATION
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ESCRIPTION - MATEF

'MCS TO CONTROL PANEL
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NOTE 1. EAMCH WIRE MUST BE CHECKED FOW TLECTRICAL JONTMUITY PIR
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provides additional information on the recormmmended test setup for

the pasces, liquid coolant, and the product water.

CAUTION: Care should be exercized in making all connections
to prevent damage to electrical connectors and to insure leak tight -

tube connections. Refer to Paragraph 2.2 Initial Installation Check-

out before making any external interface connections.

A data acquisition system and direct readout equipment, which

must also provide the excitation voltage for the five (5) Allis-
1

Chalmers transducers to be monitored. A listing of the recom-

mended functions and the method of monitoring or recording is

contained in Figure 2-8.

Temperature recording equipment will be required for fuel cell
temperatures. Allis-Chalmers will furnish mating connectors
for the fuel cell module instrumentation, but not the cable. All
thermocouple connections will be made up for iron constantan

couples. No reference junction compensation circuits are fur-

nished.

The 400-cycle three-phase power for the fuel cell coolant fans

rated to supply at least 150 watts at 200 volts.

The customer will furnish the electrical load bank for the fuel

cell vuiput capability testing and the load disconnect contactor.

2-3




. ‘ RECOMMENDED MONITOR FUNCTIONS FOR SYSTEM #5R

Panel Viv Data
Digitec Meter Recorder Acquis. Othe:

1. Total fuel cell voltage X b
2. Total fuel cell current Both on Panel Control X x X
3. Stack temperature (TC-8 and TC-9) X X
4. Cavity pressure x X x
5. Individual cell volts x
*%. Fan current X X
7. Heater current (28 vdc, 1600 watts) X X
8. I-I2 inlet pressure X X
9. O, inlet pressure x
10. Canister pressure x
Il. -5.0 vdc x
12. +11.2 vdc X
*43. System "ON'" lapse time
'4. Load "ON" lapse time
**15. WRS heating tape temperature x x
16. Stack thermocouples - inside (7 additional) =
17. Fan No. 1 RPM X x
18. Fan No. 2 RPM X x
*¥19. Fan Voltage X
20. Stack liquid coolant differential pressure X
*21. Stack liquid coolant outlet temperature x x
#*22. Liquid coolant inlet temperature
*%*23. Iniet liquid coolant iiow
*%24. Liquid coolant-inlet pressurc x
*%25. Liquid coolant-outlet pressure X
*%26. Helium inlet pressure .- X
¥ 27. HZ supply pressure X x
*%* 28, O2 supply pressure X
29. Barometric pressure x

.!‘ Function has changes of short duration requiring continuous recording if detailed
information is required.

*%* Sensors to be provided by NASA.

Figure 2-8



.1

2.

Supplementary Installation Information

Figure 2-9 (Connector Interface function description) contains
additional interface information to aid in the assembly of the test

setup.

INITIAL INSTALLATION CHECKOUT

Electrical Testing

The external interface connections should be verified as per Figure
1-2A, 1-2B, and 1-2C (Drawing No. 49-500-125-404) and Figure
2-2A (Drawing No. 49-400-260-405), NASA's interface should be

checked prior to the initial application of any power or reactants.

Instrumentation calibration data for use during checkout and operating

can also be found in Figure 2-9.

Leak Test

Prior to the initial operation of the {fuel cell, the reactant gas system,
the water removal cavity, and the canister enclosure must be subjected
to a leak test. The following is the procedure for performing this test,
but it should not be performed initially without a representative from

Allis-Chalmers present. Figure 2-10 is a suggested schematic only.

2-4




NASA INTERFACE CONNECTIONS

J5001-N A SA Control Panel

A + 28 vdc input from fuel cell
B - 28 vdc input from fuel cell and main ground

J5002-N A SA Control Panel

A + 28 vdc input from auxiliary supply
B - 28 vdc input from auxiliary supply and main ground.

J5006-N A SA Control Panel

A Logic signal ground output

D +11.2 vdc logic control voltage output - for monitor only

F -5.6 vdc logic control voltage output - for monitor only

\Y + 28 vdc valve power output - for monitor only

K 4 28 vdc output to main heater control - for 1,600 watt heater

G - 28 vdc ground output to main heater control - for 1,600 watt heater
S + 28 vdc output to trip main circuit breaker

U + 28 vdc output to close main circuit breaker

H - 28 vdc ground output to main circuit breaker

Optional Monitor Signals

J5006-B Amp-hour readout - NOTE: This signal is displayed on panel (Amp-Hour
Counter)

J3003 - 1,600 watt heater

E + 28 vdc 29 amp heater power for first 800-watt heater
G - 28 vdc ground heater power for first 800-watt heater
C B800-watt heater thermostat N. O. for first

H 800-watt heater thermostat N. O. 800-watt heater

M Shield for Pins C and H, isolated from stack

+ 28 vdc 29 amp heater power for second 800-watt heater
-28 vdc ground heater power for second 800-watt heater

800-watt heater thermostat N. O. for second
800-watt heater thermostat N. O. 800-watt heater
Shield for Pins A and B, isolated from stack

rE» R«

Figure 2-9
Sheet | of 5



NASA INTERFACE CONNECTIONS

J 1000~ Fuel Cell Fuans and RPM

=

Fan reluctance pickup "AC'" side, output signal 150 millivolts peak-to
peak at approximately 1300 cps representing 20,000

RPM to be fed into AC to DC converter for instrumentation readout.
Shield for Pin E and F.

Fan reluctance pickup "BC'" side, output signal 150 millivolts peak-to
peak at approximately 1300 cps representing 20,000

RPM to be fed into AC to DC converter for instrumentation readout.
Shield for Pin J and H

Phase "A" Fan power input for A-C Side, 200 Vac,

Phase "B" 400 cps, 3-phase at approximately

Phase "C" 0. 15 amp. per phase

Shield for Pins A, B, and C carried through to motor, isolated from case ground.

“QH

Phase "A" Fan power input for B-D side, 200 Vac.

Phase "B'" 400 cps, 3-phase at approximately

Phase "C* 0.15 amp. per phase

Shield for Pins K, L, and M carried through to motor, isolated from case ground.

zZzoR Qe AD

Figure 2-9
Sheet 2 of 5




Cell No.

Spare Pins

J1002 - A
J1003 - A

B,
B,

aQ

Connectors J1002 and J1003 On The Fue!l Cell

NASA

INTERFACE CONNECTIONS

CELL VOLTAGES - SYSTEM {#5R

Plus Pin

J1003b
J1002b
J1002a
J1003a
J1003Z

J1002Z
J1002Y
J1003Y
J1003X
J1002X

J1002wW
J1003W
J1003V
J1002Vv
J1002U

J1002U
J1003T
J1002T
J1002S
J1003S

J1003R
J1002R
J1002P
J1003P
J1003N

J1002N
J1002M
J1003M
J1003L
J1002L

J1002K
J1003K
J1003J

Pin c left open for cable shield tie point
Pin c left open for cable shield tie point

Figure 2-9 (cont.)
(sheet 3 of 5)

Minus Pin

J 100 2b
J1002a
J1003a
J1003Z
J1002Z

J1002Y
J1003Y
J1003X
J1002X
J1002W

J1003W
J1003V
J1o0oz2v
J1002U
J1003U

J1003T
J1002T
J1002S
J1003S
J1003R

J1002R
J1002P
J1003>2
J1003N
J1002N

J1002M
J1003M
J1003L
J1002L
J1002K

J1003K
J1003J
J1oo27y



43001

NASA INTERFACE CONNECTIONS

Transducer Calibration Data

Note: All Transducers - 5000 ' 100 ohms element-max
current 10 ma

Fuel Cell Pressure Transducer

Qi = nTac 5N B

cH<s

oOQw

O, Inlet absolute pressure transducer (pin 1 transducer ground)
+ Excitation voltage
- Excitation Voltage and - signal output
+ Signal output, 0-50 psia - 1%
Sensitivity 0. 02 volt/psia/volt excitation

H, Inlet absolute pressure transducer (pin 2 transducer ground)
+ ZExcitation voltage
- Excitation voltage and - signal output
+ Signal output, 0-50 psia t 19,
Sensitivity 0. 02 volt/psia/volt excitation

Canister pressure transducer (pine transducer ground)
+ Excitation voltage
- Excitation voltage and - iignal output
+ Signal output, 0-50 psia = 1%
Sensitivity 0. 02 volt/psia/volt excitation

Liquid coolant differential pressure transducer (pinJ transducer ground)
+ Excitation voltage
- Excitation voltage and - signal _Putput
+ Signal output, -10 to + 10 psid - 1. 25%
Sensitivity 0. 05 volt/psid/volt excitation

Water cavity readout pressure transducer (pinW transducer ground)
+ Excitation voltage
- Excitation voltage and - signal output
+ Signal output 0-25 psia - 1%.
Sensitivity 0. 04 voit/psia/volt excitation

LIQUID COOLANT VALVE SUPERVISORY CONTACTS

Monitor signal - coolant valve close
Input signal to coolant valve connections
Monitor signal - coolant valve open

Figure 2-9
Sheet 4 of 5



NASA INTERFACE CONNECTIONS

OXYGEN PURGE VALVE SUPERVISORY CONTACTS

j Monitor Signal - O, Purge Valve Close
k Input Signal to O i’urge Valve Connections
m Monitor Signal - %)2 Purge Valve Open

HYDROGEN PURGE VALVE SUPERVISORY CONTACTS

n Monitor Signal - H, Purge Valve Close
P Input Signal to HZ %’urge Valve Connections
q Monitor Signal - H‘2 Purge Valve Open

REACTANT INLET VALVE SUPERVISORY CONTACTS

Monitor Signal - Reactant inlet valve close

L Input signal to reactant inlet valve connection
m Monitor Signal - React ant inlet valve open
J1005 FUEL CELL THERMOCOUPLE - INSIDE OF STACK
Pin Polarity Thermocouple No, Location
A Plus 1 In HZO Plate#45-Corner A (Cell #11)
B Minus
C Plus 2 In HZO Plate#5 - Corner C(Cell #4)
D Minus
E Plus 3 In HZO Plate #129-Corner D (Cell#33)
¥ Minus
G Plus 4 Under Heat Exchanger
H Minus
J Plus 5 Fan Outlet Return A-C Side
K Minus
L Plus 6 Fan Outlet A-C Side
M Minus
N Plus 7 Fan Outlet B-D Side
P Minus
R Plus 8 In Transister holder between O, Plate
S Minus #75 and H‘2 Plate #72-Corner A (cell 19)
T Plus 9 In Transistor holder betweenO_Plate
U Minus #67, and H, Plate#64-Corner Dicell 17)
Note: Plus is iron - Yellow

Minus is constantan - Red

Figure 2 - 9
Sheet 5 of 4
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A regulated helium gas supply should be connected to each of the

following lines on the fuel cell module.

(1) Hydrogen gas inlet or hydrogen purge line
(2) Oxygen gas inlet or oxygen purge line
(3) Helium gas inlet

(4) Moisture removal lince (vapor vent)

The water vapor outlet from the fuel cell stack should be connected
through a manual shut-off valve to a gas bubbler and a Hastings Mass
Flowmeter for visual observation. The helium supply line to each of
the above points should contain a manual shut-off valve and a pressure
gauge downstream of the shut-off valve. A flow meter in each line is
desirable but not mandatory. The hydrogen purge outlet and oxygen
purge outlet should also discharge to the atmosphere through manual

shut-off valves.

The detailed leak test procedure is as follows:

Cavity External Leak Check

(1) Bleed the helium pressure within the fuel cell canister to

0 psig from the helium fill line.

(2) Fill the reactant cavities with helium through the hydrogen and
oxygen inlect lines or through the hydrogen and oxygen purge lines

to 20 psig, and then depressurize to zero psig. Repeat.

CAUTION -~ The pressure should be increased or reduced
gradually to insure that the maximum pressure
difference between the hydrogen and oxygen

pressure gauges is less than 2 psi.

2-5



(3)

(4)

(5)

Close the purge valves (only when reactant cavities
are filled through oxygen and hydrogen inlet valves),
open the moisture removal cavity valve and the vapor

vent.

Apply helium pressure simultaneously to all three
cavities until a pressure of 20 psig is reached, and
allow to stand for ten (10) minutes. Observe the C.ution

note from Step 2.

Shut oif the supply valves and record the three cavity
pressures after allowing to stand for 15 minutes. A
pressure drop is indicative of a leak into the canister
interior or valve leakage. The purge valve leakage may
be checked by connecting the purge outlet lines to a gas
bubbler. Leakage into the canister may also be checked by

putting a bubbler on the canister helium f{ill line.

Cavity Cross Leak Check

| (6)

Open the helium supply valves and raise all cavity pressure
back to an equalized pressure of approximately 20 psig and
then close the hydrogen inlet or hydrogen purge valve and

moisture removal valve.

Continue {0 raisc the pressure on the oxygen cavity, through

e

the oxygen inlet line or oxygen purge line until a pressure of

22 psig is reached. Close the manual oxygen inlet valve or
oxygen purge valve. Allow to stand for 15 minutes and record

the reactant cavity pressures. A simultaneous drop in the oxygen
cavity pressure and rise in the hydrogen cavity pressure is indica-

tive of a cross leak.

2-6



(8)

(9

Open the moisiure removal cavity valve and bleed

the pressure gradually to zero (0) psig. Open the
hydrogen and oxygen inlet valves and gradually
pressurize both reactant gas cavities to thirty (30)
psi differential across the water removal matrices.
Leave the inlet or purge valves open. Allow to stand
for 15 minutes and record the bubbles per minute
observed in the vacuum vent line gas bubbler and

record the Hastings Mass Flowmeter reading.

Gradually bleed down all helium pressure to zero (0)

psig.

Canister Leak Check

(10)

(11)

Pressurize the fuel cell canister to 40 psi differential
across the canister wall and open the purge lines and
vacuum vent line from the vent graduate, to bubblers
for visual observation. Disconnect the helium supply
from the helium f{ill line thereby isolating the canister.
Record canister pressure every half hour for twenty-
four (24) hours along with room temperature. If at all
possible, the room temperature should be held constant

throughout the test.

Any observable pressure drops during the tests detailed
in Steps 1 through 10 should be reported immediately to
the Allis- Chalmers designated representative or site
rcpresentative. Any flow rate reading in excess of 25
cc/hour observed during the leak test outlined in Step 8
should be reported immediately to Allis-Chalmers. If
the pressure drop during the fuel cell canister leak test
as detailed in Step 10 exceeds one (1) psi in the twenty-

four (21) hour test period, notify Allis- Chalmers.




2.2.3Heating Tape

To prevent the product water vapor from condensing in the water
removal line, the line must be heated from the moisture removal
valve at the bottom of the fuel cell module to the water recovery
condenser. A section of heating tape is provided for this purpose.
The tape is applied by removing its backing and sticking it directly

to the water removal manifold and tubing. Cut the tape to the

desired length and attach the input leads as per Figure 1-2A (Drawing
No. 49-500-125-404). The A-C power input to the input leads on

breaking tone is provided from a Variac (See Figure 3-4).

Upon initial startup, adjust the temperature of the water removal
line to l95f 10°F as follows:

a. Attach a thermocouple to the tubing to read tubing temperature.

b. Turn off 110 vac heater power "ON'" after first assuring the

Variac is set for minimum voltage.

c. Gradually, raise the heating tape voltage by turning the Variac
clockwise until the desired steady- state tubing temperature is

reached.

2-8
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SECTION 1III

INTEGRATED SYSTEM OPERATION

GENERAL

This portion of the instruction manual covers the various operational
modes of the complete fuel cell assembly, and includes the expected

readings of all cssential instrumentation. The description of the sub-
systems, and the thermocouple instrumentation are presented in Sec-

tion IV of this manual.

PRE-STARTUP CONDITIONING OF THE SYSTEM (See A-C control panel
Figure 3-1 (49-400-317-40T), Figure 3-Z {49-200-549-501), Figure 3-3
(49-500-167-401) and NASA Control Panel Figure 3-4(49-400-349-402).

Initial Conditions

Pre-startup conditioning will be initiated with all valves closed, all

switches off, and with system supplies as follows:

Hydrogen— per NA SA specifications with minimum purity of 0. 9998

—Regulator closed off,

Oxygen — per NA SA specification with minimum purity of 0. 99995
—Regulator closed off,

Helium — Commercial Grade
—Regulator closed off,

Vacuum— normal vacuum of at least 1.5 psia applied to the moisture

removal linec.
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3.2.

3.2.

3

Liquid coolant supply available to the canister heat exchanger at a mini-

mum rate of 150 pounds per hour .

110 volt, 60 cps power available at the NASA Test Control Panel

200 volt, 400 cps three-phase power available at the NASA Test Control
Panel,

28 vdc auxiliary power available at the NASA Test Control Panel.

E_Z_Wity Helium Fill-

F1ll the three tuel cell cavities (hydrogen, oxygen, and water removal)

with heiium using the following procedure.

a. Apply 28 vdc auxiliary power to the EMCS.

b. Apply power to the helium purge {(crossconnect) valves.

c. Open the moisture removal (cavity) valve.

d. en the reactant inlet valve, or open purge valves if helium is supplied
through purge lines.

e. Open the helium supply valves to permit helium flow into the three

cavities.

f. Slowly raise the helium pressure to 5 psig. Allow 5 minutes for stabili-

zation.

g. Return all switches and valves (Steps b through f) to their original

position,

Canister Helium Fill

To evacuate and fill the fuel cell canister with helium to 13 psig, proceed

as follows:

a. Open manual valving between the canister and the vacuum header, and

evacuate the canister. Monitor the canister pressure.

3-2



b. When the canister is complely evacuated, close the manual valve

between the canister and the vacuum header.
C. Raise the helium supply pressure to 30 psig.

d. Crack open the manual valving between the helium supply and the
canister, and gradually fill the canister to a pressure of approxi-

mately 13 psig (28 psia on the pressure transducer output).

e. Repeat Steps a through d, then close the manual helium supply valve

to the canister.

3.2.4 Coolant Fans

Start the coolant fans, and check the fan voltage and current to determine

if they are within acceptable limits.

3.2.5 Liquid Coolant System

Start liquid coolant system, and check the coolant pressure and flow

to insure it is within acceptable limits.

3.2.6 Water Removal Heating Tape

Apply power to the WRS heating tape and check to insure the tubing rises

to the proper temperature range.

3.3 SYSTEM STARTUP (See A-C control panel Figure 3-1 (49-400-317-401),
Figure 3-2 (49-200-549-501), Figure 3-3 (49-500-167-40) and NASA Control
Panel Figure 3-4 (49-400-349-403).

3.3.1 Initial Conditions

After the conditions of the pre-startup are met, a normal startup will

be initiated with the system supplies set as follows:
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Hydrogen — Set the house regulator to deliver an outlet pressure of
between 200 and 400 psia. The fuel cell hydrogen regulator is
set to deliver a pressure output of approximately 37 psia over

the full flow range (0.04 to 0. 75 pounds per hour).
Oxygen — Set the house regulator to deliver a pressure of between
200 and 400 psia. The fuel cell oxygen regulator is set to

deliver a pressure output of approximately 37 psia over the full

flow range (0. 32 to 6.0 pounds per hour).

Helium — S5ct the house regulator to deliver pressure of 40 ! 2 psia,

for the WRS pump.

Liquid Coolant — applied to the fuel cell as specified in Paragraph 3.2.1.

Vacuum — Applied as indicated in Paragraph 3.2.1
Auxiliary Power — Applied to EMCS
Fan Power — ON

WRS Heater Tape Power — ON

a. Vent the moisture removal cavity into the vacuum system. Check

the cavity pressure transducer to determine if the cavity has vented.

b. Press the System Start switch. This applies power to stand-by heaters
(50-watt each - 100-watt total) and turns ON the warm-up heaters (800
watt each - 1600 watt total) providing the 1600 watt switch is ON.
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c. Monitor the fuel cell stack warm-up until the operating temperature

(185°F) is reached. The heater is controlled by a stack thermis-

ter to automatically cut-out at 185°F. The individual heaters are

protected by over-temperature thermostats on the heater surfaces
set for 250°F.

Note: For initial startup, allow the system to stabilize and monitor

the performance of the temperature controller for one hour.

d. After fucl cell has reached its operating temperature, the '"System

Ready Light'" will come ON, and the reactant inlet valve can be

opened to allow hydrogen and oxygen enter the reactant cavities.

Note: During initial checkouts and until sufficient testing has been

P8

conducted to demonstrate system operational response and
stability during startup, it would be desirable to gradually
buildup the reactant pressures in the hydrogen and oxygen
cavities rather than applying full cavity pressures instan-
taneously. This may be accomplished by manually control-
ling pressure buildup using the reactant supply regulators.
With both the hydrogen and oxygen supply regulators shutoff,
press the Open Reactant button and check that the reactant
inlet valve is open (light indication).
Slowly bring up the hydrogen and oxygen supply pressures,
simultaneously using the supply regulators. Maintain hydro-
gen and oxygen pressures with 2 psi of each other during this
procedure.
When rated cell pressure (37 psia) is reached, the fuel cell
regulators will maintain this pressure and the supply pressurcs

can be set as indicated in Paragraph 3. 3.1 "Initial Conditions"

e. Check the hydrogen and oxygen pressure transducers. Both trans-

ducers should indicate 37 ! 1 psia.
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Check that the water removal pipe is hot, approximately 190°F.

Purge the reactant cavities three successive times to clean out the

helium or any other inerts. This is accomplished by manually
closing the reactant inlet supply valves feeding the reactant inlet
valve (since reactant inlet valve cannot be closed manually after
being open), then opening the hydrogen and oxygen purge valves.
Then refill the reactant cavities. Repeat the purge cycle until a
total of three purges have been accomplished. During these opera-

tions, be sure to follow the procedure in the note under Step d, on

page 3-5.

Check the individual cell voltages. Should any cell voltage be less
than 1.0 volt, two additional manual purges are permitted to

attempt bringing up the individual cell voltage.

Monitor the Total Fuel Cell Voltage. The total open circuit voltage

should read 35 volts, or more.

Check the canister pressure to insure it is 40 ta psia. If it is not,

fill to the required pressure.

Check to insure that the WRS manual by-pass switch (Manual Vent-
Auto) is in the "AUTO'" position unless open loop tests are

planned.

Switching Auxiliary Power To The Fuel Cell Output

After the fuel cell is warmed up to its operating temperature, the auxiliary

power may be switched from external power to fuel cell power, or to Fuel

Cell and Auxiliary power (both) in which case the EMCS will "Automatically

Select' the source with the higher voltage.
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3.4

3.

3.

3.

3.

4.

4.

4.

4.

1

2

3

(See A-C control panel Figure 3-1 (49-400-317-401),

OPERATION UNDER LOADFigure 3-2 (49-200-549-501), Figure 3-3
(49-500-167-401) and NASA Control Panel Figure 3-4 (49-400-349-402).
Initial Conditions

Initially, the system is at operating temperature with an open circuit
voltage of 35 volts or more. Reactant supplies to the fuel cell are regu-
lated to specified values, and all pressures individual cell voltages,and
temperatures are normal. The auxiliary dc power may be supplied from
the fuel cell or from an external source, as desired, to meet specific
test requirements. The RPM sensors must indicate that both coolant fans
are running, and the liquid coolant pressure transducers must indicate

that coolant is available.
CAUTION: The fuel cell should not be held in the hot, unloaded condition

(total load less than 200 watts) for more than three hours at any one time.

Refer to Paragraph 3. 6.2 if longer standby periods are contemplated.

External Load Circuits

Since the external load circuits are being furnished by MSFC jtheir descrip-
tion does not form a part of this manual. A pilot relay must be provided to
control the external load circuitry as the ""Load" relay in the EMCS will

only handle 1 ampere maximum.

Load Application

To apply load to the fuel cell system, push the "Apply Load'" Button. The
load "ON" signal will also initiate an automatic cavity purge cycle whenever

it is actuated.

Normal Operating Parameters

After each incremental load change, the following operating parameters

should be monitored to insure normal operation:




3.

4.

Module Temperature — 190° - 200°F

Hydrogen Inlet Pressure — 37 - 1.0 psia

Oxygen Inlet Pressure — 37 t 1.0 psia

Moisture Removal Cavity Pres. — Varies automatically to maintain
proper KOH concentration (See
Figure 3-5)

Canister Helium Pressure —_— 4012 psia

L.oad Current —_— Not to exceed 75 amperes continuous,

ana 150 ¢ mperes for 30 seconds.

Total Fuel Cell Voltage — See Figure 3-5
Reactant Gas Purge —
Frequency —_ Every 128 ampere-hours
Duration —_ 6 seconds
Flow Rate: — H, 0. 69 1b/hr.
o, 5.47 1b/hr.

Automatic Operation

The system will now operate automatically under load and during load
changes as long as reactant gases are supplied and all critical parameters
are under control. The individual cell voltages should be monitored at
least every one-half hour. Should any individual cell voltage fall below 0.5
volts, it is recommended that a manual purge cycle of six seconds duration
be initiated. If the individual ccll veltage does ﬂot remain above 0.5 volts
under load, a second manual purge cycle may be initiated. However, to
avoid drying-out the cell, only two manual purges are recommended. If
the cell voltage cannot be brought up by purging, a cell depressurization

cycle should be performed as follows:

a. Remove all load from the fuel cell system.

3-8




b. Close the reactant inlet supply valves.

c. Monitoring the reactant pressure transducers, apply a manual

purge until the pressures drop to atmospheric.

d. Close the purge valves, open the reactant inlet valve and reapply

reactants to the {uel cell.

e. Reapply a load "ON" signal to the EMCS.

NOTE: If after depressurization, the cell voltage fails to rise
above 0.5 volt under load, shut down the fuel cell sys-

tem and immediately notify Allis-Chalmers.

LOAD REMOVAL OPERATION (See A-C control panel Figure 3-1 (49-300—
317-401), Figure 3-2 {49-200-549-501),
Figure 3-3 (49-500-167-401) and NASA Control Panel Figure 3-4 (49-400-349-403

The "Drop" load or '"ITrip" load function can be initiated at any time

during normal operation by pushing the "Trip Load" Button. This will

result in the {ollowing:

a. The external electrical.load on the fuel cell system will be dropped.

b. The moisture removal valve will close and remain closed until a

load "ON'" signal or a manual cavity valve signal is applied.

All other fuel cell system controls will remain operable and the external
load may be reapplied by providing an "Apply Load' signal to the EMCS,
Auxiliary DC power will continue to be supplied by the fuel cell if the sys-

tem controls are so set.
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3.

6.1

6.2

As stated in Pa;'agraph 3.4.1, the Load "OFF" condition should not

be maintained for longer than 3 hours at any one time.

SYSTEM SHUTDOWN, STANDBY, AND STORAGE (See A-C control panel
Figure 3-1 (49-400-317-401), Figure 3-2 (49-200-549-501), Figure 3-3
49-500-167-401) and NA SA Control Panel Figure 3-4 (49-400-349-402).

Sy stem Shutdown

To shut down the fuel cell system, provide a system stop signal to the

EMCS. The following actions will occur:

a. The external electrical load on the fuel cell system will be dropped,
if the fuel cell is in a load "ON'' condition, and Step b Paragraph 3.5
will thereby take place.

b. The reactant inlet valve will close, and shut off the supply of hydrogen

and oxygen to the fuel cell.

CAUTION: Manually reopen the reactant inlet valve and reestablish
the cavity pressures and maintain cavity pressure balance
within 2 psi. The system can be held at open circuit for a
short period (6 hours) in this manner or the cavities can
be filled with helium in the case of prolonged shutdown.
c. The System Stop signal also opens the circuit to the stack heater con-
troller. The warmup and stand-by heaters cannot be energized until

the System Start signal is again applied.

System Standby at Operating Temperature

After a System Stop signal has been applied and the actions indicated in

192]

tens a through ¢ above have occurred, it is possible to hold the system
at approximately operating temperature by performing the following: |
Apply a "Start" signal which will close the heater circuit. The helium
circulating fans must continue to operate. The fuel cell module may be
held in this condition for a period not to exceed 6 hours. It will be neces-
sary, however, to continuously monitor the fuel cell so that the following

conditions are met.
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6.

3

a. The fuel cell temperature as indicated by thermocouples should

not exceed 200°F.
b. All external auxiliary power must be maintained.

c. Assure that water removal heater tape is energized and maintaining
the water removal piping temperature. (This is to allow immediate

operation when desired instead of requiring a warm-up period).

Prolonged Shutdown

For any period exceeding 6 hours, it will be necessary to complete system

shutdown, and to flood all the cavities with helium according to the following:

a. Shut down the helium circulating fans.

b. Close any manual valves in the hydrogen and oxygen supply lines to

the fuel cell module.

c. Apply a manual purge signal until the hydrogen and oxygen cavities

are at atmospheric pressure.
d. Closc the purge valves.

e. Perform a cavity helium fill by following Steps b through g of
Paragraph 3.2.2.

f. Check the helium pressure in the fuel cell canister; if it is less than
13 psig follow Steps ¢ and d, Paragraph 3.2.3 to bring the pres-

sure back up.

g- Switch off all power, and pumps which are used in the test setup.

The system is now secure and may be left inoperative for a prolonged
period as long as helium pressure is maintained in the cavities and
canister. It is recommended that these pressures be monitored once

every hour for the first 24 hours and once every 8 hours thereafter. The
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3.6.4

helium pressure should be brought back to nominal values when the

following minimnums are reached:

a. The canister pressure drops to 8 psig.

b. The three cavity pressures drop to 3 psig.

Sy stem Storage

The fuel cell stack may be stored indefinitely in its shipping container

in a protected area with an ambient temperature of 49°F or higher.
All other components may be stored in protected, but unheated, areas,

provided adequate steps are taken to prevent condensation on the com-

ponents.

ABNORMAL OPERATION AND EMERGENCY SHUTDOWN

Abnormal operation is defined as any operating condition in which one or
more of the critical control parameters exceeds its normal control range.
The critical control parameters, their normal range and action to be taken

if the control band is exceeded, is presented briefly in this section.

emperaiure

The normal control range is 195° * 5°F as sensed by the thermister

located between plates 80 and 83 on the fuel cell stack. A spare thermis-

ter is provided in the same block.

a. Over-Temperature — Over-temperature may be detected by moni-

toring the thermocouples that form part of the test instrumenta-

tion. On an over-temperature indication, check for the following:
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1. loss of liquid coolant,
2. loss of helium circulating fans,

3. loss of helium from the canister.

The fuel cell should be shut down immmediately if a stack temperature
of 220°F is reached. Below this temperature, the fuel cell may be
operated up to 3 hours while the cause of the over-temperature is

being investigated.

b. Under- Temperature -—— Under-temperature operation is indicated

by a gradual deterioration of cell performance under load, but
represents no immediate safety or performance problem. It

may be caused by overcooling by the liquid coolant system, or
under-heating when operating at light loads in cold environments.
To determine the cause, the liquid Coolant Valve should be closed.
Monitor the stack temperature for effect. If the temperature begins
to rise, a fault exists somewhere in the cooling system. If the
temperaature remains low, the fault is probably in the heaters or
heater controls; this should be checked with the fuel cell system

shutdown.

Total Fuel Cell Voltage

The normal fuel cell voltage will vary with load, as shown in Figure 3-5 and
with fuel cell load life. The operator should be alert primarily for voltage
changes during operation at constant load. Should the total voltage change
1/2 volt in 2 hours under a constant load condition, a complete survey of

the individual cell voltages should be made.

A decreasing total cell voltage under constant load conditions may be

caused by several factors such as:



a. Accumulation of inerts in the cavities,

b. Decrease in reactant supply,
c. Improper operation of the water removal subsystem,
d. Fuel cell stack temperature too high or too low. (See Paragraph 3.7. 1)

Upon detection of an abnormal voltage output drop, the external fuel cell

load should be removed, and the open circuit voltage on the individual

cells should be checked.

a. Accumulation of Inerts — If the voltage change is due to an accumu-

lation of inerts within one or more of the individual cells, the
total voltage will usually show a gradual decrease over a period
of hours. The operator may perform two manual purge cycles

to bring all the cell voltage to a minimum of 1.0 volts open circuit.

b. Reactant Cavily Pressures — The cavity pressure regulators are set

Ce

. . oy + .
to maintain the hydrogen and oxygen cavities at 37 - 1 psia over the
fuel flow range. FEach cavity pressure is monitored by a pressure
switch set to close the reactant inlet valve and to drop the main fuel

cell lvad at a pressure of 44.5 Tos psia.

Should the reactant inlet valve close during the operation, the load
should be removed and the reactant cavity pressures should be checked
immediately, If high reactant inlet pressure is indicated as the cause

of the inlet valve closure then the cavities should be manually purged

t

until atmespheric préessure is attained.
Close the manual valves in the reactant inlet lines and flood the
cavities with helium to 5 psig. Then check the operation of the

reactant gas pressure regulators before restarting the system.

Moisture Removal - Moisture removal subsystem malfunctions

3-14
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3

may result in a decrease in cell voltage either due to excessive
wetting of the cell or excessive cell drying. If the moisture
rcmZ)v’dl valve stays closed, the cell will accumulate too much
moisture and the electrolyte will become diluted. To determine
if this is the problem, reduce the load to reduce the probability
of causing permanent damage and take readings of the cavity pres-
sure and stack temperature . Compare these readings to the
allowable operating range as shown on Figure 3-6. Should over
wetting prove to be the cause of decrease in cell voltage, the
moisture removal valve should be opened and the change in cavity
pressure observed. If the malfunction appears to be on the cavity
controller, the fuel cell should be shut down and Allis-Chalmers

should be notified immediately.

Excessive cell drying can occur if the moisture removal valve is
open too long. This condition can be corrected by a period of low
load operation with the moisture removal valve closed. Excessive
drying can be determined by observing the action of the moisture
removal valve, monitoring the cavity pressure, and observing cell
voltage for a period of 1 to 2 hours while operating at low load

20 amp). The information obtained should be compared with Fig-
ure 3-6. Should cell drying be indicated, the Allis-Chalmers
Project Manager or his site representative should be contracted for

a detailed correciive procedure.

Canister Pressure

Canister over-pressure protection is provided by a relief valve set to
open at a pressure of 45 psia. Canister pressure is monitored by a

pressure transducer. Since canister pressure is controlled manually,
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3.

7.

7.

5

it should be monitored periodically and adjusted as necessary to

maintain a pressure of 40 t 1 psia during normal operation.

Loss of Auxiliary Power

If loss of either the 28 vdc or the auxiliary power 200 v, 400-cycle
fan power is indicated, the fuel cell should be shut down immediately.
Since the reactant inlet valve requires power to close, it is possible
to lose auxiliary power and have the reactant inlet valve remain open.
Therefore, the first step after loss of auxiliary power is to close the
manual valves in the reactant supply lines, and to verify the position

of the reactant inlet valve.

Emergency Stop

An Emergency Stop signal will perform the following functions:

a. Close the reactant inlet valve,

b. Drop the external load,

c. Interrupt the heater circuit,

d. Close the moisture removal valve,

The Emergency Stop signal should be used to shut down the fuel cell

sy stem any time a malfunction is suspected or a safety problem exists.
The Emergency Stop performs essentially the same functions as the
System Stop, but it by-passes some of the control system interlocks; its
use, therefore, should be limited to emergency conditions. The normal

startup procedure should be utilized following an emergency stop.
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SECTION 1V

SUBSYSTEM DESCRIPTION

FUEL CELL STACK SUBSYSTEM (FCSS)

The Fuel Cell Stack Subsystem (FCSS) is the subassembly that con-
verts chemical energy to electrical energy, producing heat and potable

water as by-products of the reaction.

Description

The FCSS consists of 33, two-cell parallel connected, sections. The
33 sections are electrically connected in series to produce a nominal
29 vdc output capable of supplying 2,000 watts. Each cell has an effective

electrochemical reaction area of 0.20 feetz. An asbestos capillary matrix

facing the hydrogen electrode provides for removal of the by-product water.

The stack subassembly is shown in Figure 4-1. An exploded view of the

cell construction is shown in Figure 4-2.

The construction consists of individual cells stacked in a manner that
results in common oxygen and water plates for adjacent cells. The elec-
trical connections are provided at both ends of the hydrogen and oxygen
plates to minimize the voltage drop due to plate and connector resistance.
In addition, electrical connections are silver or gold plated to minimize

contact resistance.

The reactants are supplied to the cell plates, and the by-product water
is removed,through the main manifolds formed by holes and seals at the
end of the plates. The reactants flow from the main manifold holes through

electro-discharge machined (EDM) slots in the plates to grooved passages
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FUEL CELL STACK. The stack, the power producing element of the system, consists of
32 two-cell sections. Each cell has an effective electro-chemical reaction area of 0.2 square
foot. By-product water is removed from the stack in the vapor state using a simple and charac-
teristically stable static moisture removal technique. Plastic ducts (arrow) direct coolant gas
over the cell edges for thermal conditioning.

Figure 4-1
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CELL CONSTRUCTION. The cell consists of two porous electrodes separated by an asbestos
capillary matrix, which holds the aqueous potassium hydroxide (KOH) electrolyte. The electrode
support plates provide passageways for distributing the reactants to the cell, and serve as current
collectors and terminals for the electrodes. Product water is removed via the water transport
matrix and the water removal plate as water vapor. When assembled, the plates extend slightly
beyond the cell, thus serving as cooling fins for removing waste heat.

Figure 4-2
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on the plate surfaces, providing uniform distribution of the reactants
over the electrode surface. By-product water is removed through

similar passages and slots.

Heat from the cell reactions is removed by conduction through the
metal sections of the cell plates to cooling fins located on two sides

of the plates, and with the by-product water vapor.

The cell plates are made of a high thermal conductivity magnesium
alloy, and are electroless nickel plated; the oxygen plates have an

additional plating of gold.

The seal for containing the reactants and by-product water vapor in

the cells is formed by compressing the KOH impregnated asbestos
capillary matrix between the plates. A elastomer seal is used to con-
tain the liquid KOH and to contain the reactants and water vapor in the
common manifold passageways. An insulating spacer material, 0.065
inch thick, surrounds and contains the elastomer seal. This spacer con-
trols the compression on the cells, moisture removal matrix, and the

elastomer seals.

The cells are sandwiched between thermal insulation and end plates and

are held in compression by tie rods.

REACTANT CONTROL AND CONDITIONING SUBSYSTEM (RCCS)

The Reactant Control and Conditioning Subsystem (RCCS) has several
functions. It maintains constant hydrogen and oxygen (reactant) pres-
sures within the Fuel Cell Stack Subassembly (FCSS), maintains reac-
tant flow rates as demanded by the FCSS, provides a means of purging
the FCSS of inert gas contaminants, and prevents over-pressurization of

the FCSS. The reactants are supplied to the RCCS at pressures between

4-2




200 and 400 psia, at temperatures between 0 and 150°F, and with purity

requirements as noted in Paragraph 3.2. 1.

Description

The RCCS consists of three solenoid valves: two pressure regulators,

two absolute pressure switches, two absolute pressure transducers, #we
Toanbetiuppe—heatens, and the associated plumbing. These components

are functionally arranged as indicated schematically in Figure 4-3. The

inlet solenoid valve isolates the Fuel Cell Stack from the reactant supply
during non-operation. The pressure regulators maintain constant reactant
pressures within the FCSS with a tolerance of T psi at a set pressure of

37.0 psia. The absolute pressure switches prevent damaging pressure
extremes within the FCSS in order to maintain reactant purity within the cell.
The pressure transducers monitor hydrogen and oxygen pressures to the FCSS
The Inlet solenoid valve is equipped with supervisory contacts from which valve
position can be monitored. The reactant pre-heaters are used to bring both

the oxygen and hydrogen up to operating temperature.

THERMAL CONTROL AND CONDITIONING SUBSYSTEM (TCCS)

The TCCS is designed to perform the following function:

a. Bring the fuel cell from OOF up to 1850F within one hour,

b. Maintain fuel cell operating temperatures at 195 : 5°F throughout

the operating period,

c. Monitor the canister pressure and provide canister over pressure
protection.
Description

A schematic representation of the TCCS is shown in Figure 4-4, and Figure

4-5. Functions of the major TCCS components are as follows:
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" THERMAL CONDITIONING AND CONTROL SUBSYSTEM
® (TCCS)
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THERMAL CONTROL AND CONDITIONING. Circulating fans and a gas-to-liquid heat ex-
changer, mounted in the canister dome, provide thermal conditioning for the stack. The fans cir-
culate helium gas through distribution ducts, over protruding cell fins, and then through the heat
exchanger. Stack temperature is maintained by controlling the flow of liquid coolant through the

heat exchanger.

Figure 4-5




Warmup — The warm-up heaters (two 800-watt heaters controlled

by the EMCS, powered by NASA) and the stand-by heaters (two 50-watt
heaters controlled by the EMCS, powered by the EMCS) heat the helium
gas in the canister, and the helium gas is circulated around the FCSS

by the fans. This operation transfers thermal energy from the warm-up
heaters and stand-by heaters to the FCSS and brings it up to operating
temperature. A thermostat senses stand-by heater surface temperature
and controls the power input to these heaters, through a solid state switch,
such that the surface temperature of the stand-by heaters never exceeds
250°F. The temperature controller senses FCSS temperature when that
temperature reaches 185°F, power to the warm-up heaters stand-by
heaters is shut off. NOTE: Both type heaters are parallel controlled by
the EMCS. However, the 800-watt heater surface temperature can be con-
trolled by NASA through the 800-watt thermostats.

Operating — After the FCSS reaches a temperature of 195°F, the TCCS
must remove the excess heat generated by fuel cell operation. To accom-
plish this, the temperature controller senses FCSS temperature through a
thermistor and controls the flow of liquid coolant through the heat exchanger,
shown in Figure 4-4 by opening or closing the liquid coolant control valve.
The liquid coolant control valve opens when FCSS temperature is maintained
at 1951' 5°F. The helium gas in the canister is circulated around the FCSS
and through the heat exchanger by continuous operating fans. The helium gas
picks up heat from the FCSS and transfers it to the liquid coolant in the heat
exchanger. The liquid coolant, in turn, transports the heat out of the canis-~

ter to the liquid coolant sink where it is dissipated.

If the level of fuel cell operation is such that FCSS temperature drops below
185°F, the TCCS will go into the warm-up operation to maintain operating
temperature. If one desires, the 800-watt heaters can be shut off and addi-

tional heating will be accomplished by the 50-watt heaters.
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c. Canister Pressurization — The fuel cell canister is evacuated and

filled with helium gas to a pressure of 40 ) psia. The operation
capacity of the TCCS is dependent upon the characteristics of this

helium gas, which is used as a secondary coolant in the TCCS.

Therefore, a method is provided for maintaining canister pressuriza-
tion as shown in Figures 4-4 and 4-5. A relief valve provides over-
pressure protection and a pressure transducer provides a method of
monitoring. A manually operated valve, located on the opposite side

of the system interface, is used for evacuation and fill.

MOISTURE REMOVAL SUBSYSTEM (MRS)

The Moisture Removal Subsystem (MRS) maintains water removal cavity
pressure (utilized in the Static Moisture Removal Concept) equivalent to
the water vapor pressure exerted by the most concentrated KOH solution
desired in the FCSS water cavity. The regulator opens the valve and
vents water vapor from the fuel cell if the cavity pressure exceeds this

value.

Description

The design uses a solenoid operated water cavity valve actuated by
an electronic temperature compensated controller that receives its sig-
nal from a pressure transducer. A schematic diagram of the subsystem

is shown in Figure 4-6.
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. 5.

ELECTRICAL MONITORING AND CONTROL SUBSYSTEM (EMCS)

The EMCS consists of a power supply, a temperature controller,

a purge controller, a moisture removal controller, and a master
controller. These controllers are built-up on a number of printed
circuit boards cards, and all are mounted in a single control box.
The circuits for these various controllers have been de signéd to

use static control throughout, with the exception of the output devices
which are miniature-type latching relays. This arrangement permits
isolation of the valve control solenoids from their electronic
circuits. A brief functional desctiption of each of the controllers

follows in the succeeding paragraphs.

Control Power Supply —

Figure 4-7 (Drawing No. 49-200-493-501),
Figure 4-8 (Drawing No. 49-300-542-401),
Figure 4-9 (Drawing No. 49-300-496-401),
Figure 4-10(Drawing No. 49-200-492-501),
Figure 4-11 (DrawingNo. 49-200-484-401),
Figure 4-12 (DrawingNo. 49-400-300-401),

The control power supply provides up to 10 watts of dc. power at the

following voltages: +11.2 v 0.5% and -5.62 v £ 0.5%. These voltages are

4-6
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4.5 .2

supplied by a dc. to dc. inverter from the auxiliary 28 volts dc.

power source which may be either the fuel cell output or an external

source. The control power supply is designed to operate over an input
voltage of 18 to 35 vdc with an overall efficiency of not less than 70% at

a 28 volt input. The power supply operates as follows. The output of an

800 cycle, free running, square wave oscillator, is modified to a triangu-
lar wave. The triangular wave drives an amplifier into saturation over
approximately 165 electrical degrees. The output of this amplifier drives

a transformer which operates similar to an AUTO transformer being alter-
nately switched across the dc. power source. One secondary winding pro-
vides power for the 11.2 vdc filter network. Another secondary winding
provides the power for the -5.6 vdc filter network, which in turn feeds the
main voltage regulator circuit. A reactor forms part of the filtering network
of both the +11.2 and the -5.6 vdc outputs. It acts as a load equalizer for any
unbalanced load currents between these two outputs. The main voltage regu-
lator circuit controls the bias applied to amplifier , thereby providing pulse

width voltage regulation.

Temperature Controller See Figure 4-13A and 14- 13B (Dwg. No. 49-200-

413-501), Fig. 4- 14 (Dwg. No. 49-400-337-401), Fig. No. 4-]15 (Dwg. No.
49-400-293-401).

The temperature controller cmsigs of 3 distinct circuits: the sensing circuit,
the coolant circuit, and the heating circuit. The sensing circuit determines
whether cooling or heating is required by sensing the fuel cell stack tempera-
ture. It then provides a signal to either the coolant control circuit or the
heating circuit, which control respectively, the liquid coolant control valve

or the fuel cell stack standby heaters.

The temperature of the fuel cell stack is monitored by a thermistor located

on the stack. This signal is fed to an operational amplifier whose output is
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a negative signal if cooling is required, or a positive signal if heating
is required. The positive signal from the operational amplifier is

fed to an inhibited AND gate. To satisfy the inhibited AND gate, the
"OK to Heat Signal'" from the master controller must be present, the
"'Stand by heater thermostat signal' cannot be present. Completing

the input requirements of this gate, the output feeds a Schmitt trigger
with dual outputs: one turns onthe 100-watt current driver (100 watt
supply for the standby heaters), the second output is the command
signal for the 1,600 watt warm-up heaters. The negative signal from
the operational amplifier feeds the coolant Schmitt trigger circuit which

in turn triggers the relay driver for the coolant control valve.

4.5.3 Purge Controller - See Figure 4-16A and 4- 16B (Dwg. No. 49-200-

465-501), Fig. 4-17 (Dwg. No. 49-500-183-401), Fig. 4-18 (Dwg. No.
49-400-291-401).

Purging is accomplished by a brief and accurately timed opening of the
purge valves which permit a rapid movement of hydrogen and oxygen
through the respective reactant cavities of the fuel cell. This action
cleans the cavities of inert gases which are an accumulation of impurities
contained in the reactant gases. It is therefore evident that the frequen-
cies of purging are related to the amount of reactant gases used and the

amount of impurities in the gases. The amount of reactant gases used

is directly related to the ampere-hours of current produced by the fuel cell.

The purge controller provides three modes of purging.
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. 5.

Normal Operation - Purge cycling during normal operation is controlled

by the ampere-hours (AH) of current delivered by the fuel cell. The load
current signal from the fuel cell shunt is processed in a differential amp-
lifier which provides a linear voltage to a relaxation oscillator and pulse
circuit whose output pulse rate is directly proportional to the fuel cell out-
put current. However, this pulse rate is too high to be of practical value.
Therefore, this output is processed through a binary counter string which
consists of a series of flip-flops until a predetermined output rate is obtained.
The pulse circuit is normally adjusted for approximately four pulses per AH
at the input to the binary counter string. Outputs obtained from successive
flip-flops are two pulses per AH, one pulse per AH, one pulse per 2 AH, etc.
until one pulse per 256 AH is obtained at the end. The purging rate is preset
by selecting the appropiate tap of the binary counter string. This selected
output is fed to an @CR gate which feeds the delay monostable multivibrator
encrgizing the purge valves through the valve driver. The duration of the
purge is dependent upon the circuit parameters of the monostable multivi-

brator.

Manual Operation - If desired, a manual purge can be initiated by depress-

ing the purge push button which supplies a trigger pulse to the OR gate

circuit.

Automatic Purge at "APPLY LOAD'" - When an "apply load' signal is

applied to the EMCS, an initial purge signal is sent from the master con-

troller to the OR gate for accomplishing an initial purge whenever load is

first applied to the fuel cell. .

Moisture Removal Controller - See Figure 4-19A & 19B (Drawing No.

49-200-454-401), Figure 4-20 (Drawing No. 49-300-545-401),
Figure 4-211 (Drawing No. 49-200-421-401).

The moisture removal controller maintains the desired KOH concentration

in the fuel cell stack by removing the excess by-product water produced by the
reaction. Because the percentage of KOH concentration is a function of the
moisture removal cavity pressure and the stack temperature, these two

parametcrs are used as the controlling functions.
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. 5.

Stack temperature is sensed by a transistor embedded in the fuel cell stack.
The temperature-emitter current characteristic curve of this transistor
closely matches the KOH concentration temperature - vapor pressure
characteristic curve. The output of this transistor provides a reference
voltage signal of the stack temperature. The moisture removal cavity
pressure is sensed by a variable resistance type transducer mounted ahead
of the moisture removal solenoid valve. The transducer provides a voltage

signal proportional to the actual moisture removal cavity pressure.

These two signal voltages are applied to a differential amplifier. Ifa
negative output signal is present, the pull-in coil of the moisture removal
solenoid valve relay will be energized through the action of the control amp-
lifier. The magnitude at which the valve operates is determined by the
desired allowable pressure error band. A transistor interlock is provided

to prevent actuating the valve unless the load has been applied.

Master Controller - See Fig.4-22A and 4-22B (Dwg. No. 49-200-456-501),

Fig. 4-23 (Dwg. No. 49-500-184-401), Fig. 4-24 (Dwg. No. 49-300-474-401).
The master controller distributes the input control signals to the proper
circuits and functional devices, and integrates protective controls into the

fuel cell systems. The master controller operates as follows:

Under normal startup conditions, the start AND gate must have present

~-5.6 VDC, +11.2 VDC, +28 VDC, and the start command. Having satisfied
these conditions, an "OK signal to heat'" is sent to the temperature controller
which turns ON the stand-by heaters and commands the warm-up heaters to

be turned ON.

4-10
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To apply an external load to the fuel cell, an apply load signal is
applied to the load flip-flop providing the start AND gate has been
satisfied. This will actuate the load relay, sent a signal to the purge
controller initiating a purge cycle, and complete the interlock
requirements for the water removal valve (valve cannot be opened

unless load has been applied.

The reactant inlet valve is opened manually through the reactant inlet

valve driver.

To shut down the fuel cell, a stop signal is applied to stop OR gate.
This activates the stop flip-flop which in turn triggers the valve driver
to close the reactant valve. At the same time, the same flip-flop
triggers the '"Main Circuit Breaker OR gate' which trips the "Load
Trip Relay' through a flip-flop. Also the stop OR gate deactivates

the water cavity pressure controller which closes the moisture removal
valve, and interrupts the "OK to heat signal'Wwhich stops all heating
untill the start command is initiated again. The liquid coolant valve
will automatically close dependent on temperature. Other inputs such
as: High reactant pressure, over-temperature, supply voltage and

emergency stop will shut down the fuel cell in an identical manner.

'"Trip main circuit command "will trip the load and close the moisture
removal valve. Fuel cell voltage less than 21 VDC will trip the load

and close the moisture removal valve.




4.6.

4.6.

1

2

CANISTER AND SUPPORT SUBSYSTEM

The canister houses the Fuel Cell Stack and Thermal Conditioning and
Control Subsystems. Acting as a pressure vessel, it contains and mani-
folds the helium gas coolant. Brackets bolted to the canister provide a

means of rigidly mounting the assembly.

Canister

The canister, composed of a cylindrical flanged shell and end bell, con-
tains the gas coolant at a pressure of 40 ) psia and is designed for a
burst pressure of 150 psia and a proof pressure of 100 psia. The canis-
ter is fabricated from a magnesium alloy. The cylindrical shell walls
are 1/16 inch thick, whereas the spun end bell walls are 3/32 inches
thick. Sealing between the cylindrical shell flanges, the end bell, and
the fuel cell stack bottom end plate is accomplished with elastomer "O"

rings.

Provisions are made on the cylindrical portion of the end bell for entry
and return of the liquid coolant as well as entry of electrical blower leads
and thermal instrumentation. The bottom end plate has a port provision
for the initial charging or depressurization of the gas coolant in the canis-
ter. The canister pressure is continually monitored through this port by
a 0-50 psia absolute - pressure transducer. A 45 psia relief valve is

provided for over pressure protection.

Support

A rigid support is provided by four brackers that mechanically fasten to

the flanges of the cylindrical canister shell as shown in Figure 4-25. The

4-12
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brackets attach to the canister through thermal insulating mounts to

minimize losses due to thermal conduction.
The Reactant Control and Conditioning Subsystem is also attached to the

canister through thermal insulation mounts, thereby isolating it from the

canister, except for the tube connections.

TEST INSTRUMENTATION

Thermocouple Instrumentation

There are 12 iron-constantan thermocouples located in and outside of

the Fuel Cell to permit detailed temperature analysis. (Figure 1-2A and
1-2B (Drawing No. 49-500-125-404), Fuel Cell System Interface Schematic,
shows the location of the thermocouples. Figure 2-9, Sheet 50f 5S(NASA

Interface Connections) gives the location and function of each thermocouple.
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